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The present invention relates to a method of manufacturing a steel product 
for use as a line pipe that transports crude oil and natural gas to refining facilities. 
It is an object of this invention to provide a method of manufacturing the steel 
product for use as a line pipe having high HIC and SSCC resistance and about 
50kg£^mm2 yield strengths, by adding Ca during the RH vacuum degassing process 
without adding Cu and Ni to adjust a composition of a steel in the steel making 
process, and controlling the hot-roUing and cooUng conditions of the steel 
appropriately. 

The present invention to achieve the above object relates to the method of 
manufacturing the steel product having high hydrogen-induced cracking and 
hydrogen sulfide stress corrosion cracking resistance and 50kg£^mm2 class yield 
strengths. The method includes the steps of^ adding Ca without addition of Cu and 
Ni to a spheroidized (PI) molten steel during the RH vacuum degassing process of 
the steel making process to make a steel having a composition containing in 
mass %:C:0.05 to 0.12%, Si: 0.5% or less, Mn:0.6 to 1.5%, Ai: 0.01 to 0.1%, Ti:0.005% 
to 0.03%, Nb: 0.01 to 0.05%, V:0.01% to 0.1%, S: 0.002% or less, P: 0.02% or less, N: 
10 to lOOppmm, Q: 0.01 to 0.05%, Ca: 10 to lOOppm, and the balance consisting of 
Fe and other unavoidable impurities, by, heating a slab having an above-identified 
composition in the temperature range from 1050 to 1300°C, hot-rolling the slab in a 
recrystallization temperature range, further hot-rolling the slab at a roUing 
reduction from 60 to 80% in a no-recrystaUization temperature range lower than the 
recrystallization temperature range, finishing the hot-roUing in the temperature 
range of Ar3± 30°C, water-coohng the hot-rolled steel at a cooling rate of 10 to 20^0 
/sec to the temperature range from 400 to 600°C, and air-cooHng the hot-rolled steel 
to room temperature after water-cooling. 
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Ti is a main element that contributes to a refinement of crystal 
grains. Ti forms TiN precipitates in the steel solidification process so that Ti 
can prevent crystal grains from coarsening during heating an ingot and 
prevent recrystallized grains from coarsening in the hot-rolling process. 

An appropriate Ti addition amount varies according to the N content. 
When addition of Ti is relatively small compared to the N content, the 
amount of the TiN to be formed will be small and therefore it is 
disadvantageous in refinement of crystal grains. Meanwhile, when Ti is 
added excessively, TiN will become coarse during heating, which makes 
inhibition of coarsening less effective. Accordingly, the Ti addition amount 
is preferably limited fi-om 0.005 to 0.03%. 



- 1- 



10-0256350 



(19) C|ieEi^^^§(KR) 
(12) ^^S|§a(B1) 

(45) Simxi mmas^]^ 
01) ^m'SiS. lo-ceseaso 
(24) 2EDasam22m 

(21) 10-1995-0031684 (65) SJHSh 11997-0015761 

(22) ga^TJ- 1995a09S25^ (43) gJH^T^ 1997V-104§I28^ 

(73) l&iSTJ 5trgfe^fl|g?i^'2lAf ORB! 

(72) saw 5?Aas 

(74) Diasi ^a, mtt 

HICS SSCC m^«OI t.^^*E7h SOkgf/arfSa erainOliS 2?!ll# SIS^^ 2l= JiflS 

sni»5F=a, a ^5!oi SID. 

6^71 ifwisi flissss ciS Nil srn, ql4^5^«El(Pl)^ girsi ssi^phi ^3a(RH)S§s 

Cat g7l5W ifs SSXS, C:0.05>0.12X. Si:0.5tt)|Sh Mn: 0.6-1. 52, Al :0.01X-0.1Ji:. 
Ti:0.005J!~0.03X, Nb: 0.01-0. 05%, V:0.01-O.IX, S:0.002S!OieK P:G.02%OISK N:10~100ppii«, 
0:0.01-0. 05X, CailO-lDOppiB, UDtXl FeSI g:?Hat^ ^i-^ISF ^1 5^E| 

^ 2>^2| #Eei 1050-1 300*C 21 gEg^KHlAi IVm^ JBlg g^jOllAI g^^S9&H2, 60-80221 gf&Hr 
XHlgSE OieKil DlXlllg SS^OflAI ^^35^0^ Ar, ±30-021 SE^^jCHIAI §g§^^ 
S! fe^7l2F SOI ^aSOa ggiKfi 10-20-c/sec21 400-60Dc2] gE^^IDW 4= 

at^ as, ^SJW azfsr?!^ 5esjshdi oi^oixi£ l^t^4:dbs^^^ 31 

^1£= g'S^'lF U|iILi,'2| SSCC nt.^St le^S §^U|2| Bits UEKd! 

^2£= Si'Si>^jU Uli2^'2| HAZ^2| SSCC^^^SS ie<^3-§^UI21 im^ UEFH! 3EH£. 



(51) Int. CI.' 
C2ID8/I0 

C22C3a/D4 



21 Sl^ifSJOfl -m 21£SA1, aL^ ^WW^, t^^2>^£ 50k9f/K«e2j IlgfEl SXISraAd SSW=ili(HI 

e§ixi(Hi;d as a ss37f:i:i saiai^dw g^si^ai Eiei eioi= s-xd^ ch 
^3tKXD@ft)aii SIS *Afloi«. oiam 2r«iMAis na-cctj^^sE 5cikgf/«rf)s ssh^^iM mi 

as a 2!37^iiO^I SISaOi Sl= ^iS7l5g(Hydrog8n Induced CrackingiOISt 'HI 

C'OIE^ i!trX)IU S.^i^^:i:t^i^^2S(Sulf ide Stress Corrosion CrackingtOlt^ 'SSCC'EF m)% 
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Ml HIC2I a^g. rJnS P12J t^S^S 751^AI?|7ILf STSSOB 5l£l- ^31 #o(0t 

&SI«101 32! 2J SiiJl S« go| oiQ. 

as!!, jaioi4,^2j 1011 2jtf DIA1I5S12I mm ^m^±^^^y\mM 3351 w'jai?i 
s^g 101 sia. 

asm ^?isj- ^ hicoiu sscci srssi e^im 4^ a^Di 11 ois^ lhjif itq. 



_ y\Qm^ an, 2sia isaichi gstpj^i §t^Al?le ^vm tms. sscctHi s^t^ iendi Timm 

J32fE &(HIAi3 Cu,Nil2| UHf2lS^;g 8r^7| DJgOID, E*|, HICOIU SSCC£^§0^|A^ m 

a^Sl S.PlHj tmm ^MW\ mOi ^IlifSIHI ^^'•tl-^ia (Powder lajection:PI?3Ena aSir7^i(RH 

«eim ^"SFsa. 01 s-g!Si-£Sfe s,ouif a coy^asi sjgth 5^sl7^ oigsise 0121 th 

oi(Hi s Hies sscct^^i s|^||tra^ saiwi t^^2,^E?l■ 5a<gf/rorf2(Apix7os)ej ims.^ m 

1101=1 Sflll J3I5SF7I ^gKM a^2F ^-^S ?8SH2 3 gilKW 27l5h01 S gSg XHeiSCT SI 3!0I 
Q. 

B ©SS liMSS CuS Mil g?15f73 Sr^I! SS^7Fi(RH)1tlEIS0||(lSS>S:'FSIOI S5J ^^1 5{§ 

g^is ol2^^| Sf2i ssaas astsai ^liii BioiseeAi, hics sscctei 

IfSOl if^SS?^ 50kgf/«rfg2! EK!1EK)I«1 SfJIg J3l2ir ^ 2i& iTSl ;9ISSH1»&F^ 

01, 3 ^S{0| SiQ. 

DISK S WSM CHSra ^StHIh. 



as, C:0.05~0.12X. Si:0.5X0|Sh Vtn:QM,5%. M'.Om-OAX. Ti lO.OOSX-O.OSX. Nb:0.01~0.(BX, 
V:0.0I-0.1X, S:0.002XO|SK P:0.02J:0|SK N:10-100ppiiira, 0:0.01-^).051!, Ca:10-100ppin, UDiXI FeS 7IB 

g^rath g^a^rs e?ii; ^7I2^ ©oi ^ssis 321 g&Mt 1050-1300x21 se^^imai 



ia-20'C/^ec2| ^JS^^E S?IS 4D0-600-C2I SEg9|5CT ^'Stl Zm. -fe^SSOT ^'aSSfe IS^fS^flll 
atmiOl OI^OlAl^ 4iS7l2gS ©S^4=il^¥<i! 31 mm ^^Sf t^^S>^E 50kgf/«ne 2ffll 
21 SI2g}aW 2!t? 21010. 

^7\ti ^a^t ^►Stf^l ^ISKM S irgWIAIS ^i! HiifSSSIHI CuS Ni« i7le^7;l Sr^I! 

EtJ PI?3EIS! RHtHSIAI C«S §7fSt01 SfS BmS.. C:0.05-0.122. Si:0.5i;0|SK Mn:0.6-1 .53;. 

AliO.OIX-O.lH:, Tl:0.005X-aJD3X, Nb:0.01-0.05j:. V:0.01~0.1Z. S:0.002J:OISK PiO.OOTISK 

NMO-lOOpproni. OiO.OI-^J.OBX^^^lO-iqtoi^ UOIAl FeS 7|E^ g7^iDt^ S^S4:2J «MS$I1 9?= 

CuS Nig «I2I1^ 0\^t Bmtl pH=32J lSi|(HIA| ^'m= SSIgl ^TtSfOl f 

S^2l SSCC73t^^§ SaA|9PI mMOm. mS\M Ca§ S^ISJ^ as JHmge! MnSSJ iS«t 
SPI $l«eAiOIQ. 

if2i t^g^ss Gfe tJiioi 5f§ §^ ;gi z& 5S!2i s#oi ifs^f mmn. ^ s^ons 

3>^E^ S7FSm #^2!St «i«3 SgAI ggtri!i2| SSCC«tJ«« &iA|?|HS 0.05-0. IZCg^lS t.f 
g§fe aOI UH^SISICK 

SiS «lifAI g<if35ilS §715101 31i,^S^S2^E Si^U, #^^0ISE1 gO|3 0.5aDI4.^ g7^a^ IS 

m nma i,>es90ji ^^sHnstoi mn ^hbss. 3 t^s o.5xoi«^s mii\^ soi unr^ie^ 
a. 

Mns sak ^m(^>^^m hicoiu sscc2| a^ag-is suses Mn2i i.5iraise £!el5^^ 
5201 d|g^s^L^TOOlsp^ i,^2i gs^s TSimAm 7\m^'M m 2^ z^2.s. wioiuoiei 
sw\ oia$i SEs^a7^ cna^HS o.e-i.sxg Mzi;^^ m butsishif. 

Ais X-IIS^AI i^irXUS §7fEIU 0.1%0I&^ §^S}«t ^BS^3 E pH-3.0°I NACE-771ss|0flAI^ 

AlA7h HlC^^a SUM 0.1XOI^^S SEISIN 3!0I dH,»-3iShQ. 

TiS S21 13i^gO^|Al TiHiltsS ^^SKfl ?2I1 1°^0^I l§il2J 2!7aiS|3, 

Ti£i m a?nrs N£i m ^tm a=ai, si£i Sfoii am 1121 siJFPh ^cHaj£s si^a 

TiNSJ 301 SIOIAI gggfi OlAISfAl?!^ g£l»^3> SiS 2t€r ^7^2 TiNOI 201 

*I|73AI E*J ISS eiSl S3U7t SdsSCT SQ. t&Sf/J TI2J ^7^^s 0.005-0.03XS ^llt^S^= 2 
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01 tsm^\Q. 

Nb^ 2iEilU0IM LHIHI HgEIOl SiliHIUOl S°l SthSt mM9\. ffll^hOlM SEHSEl ^^^CH MEi 

om SEi omtm sj2^7^ sm, at? mswim «eh*ihi 7l^l(Matrix)£^ gt^s omt mm 

l(Nb,(C.N))S ^M*^£SJW 1,^21 §7^A|9I^ 94:00. 3aU. 0.06M)I4^ §7^aDi£ 

4^71 S2^7^ StHa= 3101 OHJOI, laiEHJieLHOII 2Sa ^EHS mm #5?2!«1 738^AI?II1. §s 
SMS U2?°S 0.01-0.05XA|O|g tO. 

g 1«M $HSS SiS DI«XI Sr^S^ 3 tMF§ 0.02X015^ 201 bH}-2!§fD. 

SS HnS2J y|3^ 7HXI1S SXISKJl HICOlU SSCCl ^mi7{B t\a i^^^^^0^1 eiSIOI SdEIOI 
l«2j OlS^l (IllgOl 3 tfSS O.OOZraiSfS 2!0| UHI^eHlK 

A1!5S!2| XilOlSAi a^'^B^^M, Olllll 7m. ^ S "JZ^AISl OlijS^l°| sj^^Ol SfiSICf. 

[&Ef-Ai s ^^soflAi^ ^^?I2^ iroi 5«ei= 321 ^asi loso-iaoo-csj g$icniAi ymtm xji 

Ar«±3(rc21 SE!S9|(HIA| tgSF= iStHim. 0101 g^f^^aS SSSS 10-2{rc/sec°l 

400-600-C2I SEa^mW ^^t.^ SaS^=2101 UUfSllHUl, 3 01^^ C|g 

S ^OilAlS ^712^ SOI SgEl^ 73t^S32| gShMl §2!2^9Sh:'l SOU 1050-130Crc21 SES?|Oii 

Ai :7««ii Eiaa, aois^ ga. b §soflAi= Nbi a^^EiiLioiM son gsoa ^ehs s 

XB^^E^ $10), 01 NbOil StF^ ^BiSESj if6|g UBFOIg^ 0|Aili^A|?l^ 2101 ? 

fitt soiQ. tE^M^Ho^lA^s Nboi C2F ^tstm mtmms. Emm. imM izi^soii 
^ lOBO-c oi^££ :?i-gsio) mD[ m\ sxf^ehs ^^^ls^E^ tioisiDi, b 7^gSE7^ i30o 

- ^ " " — ■ -■■ AH 



60x^80X7^ EiE^ Dijqisssratia. mi\m s?ofl= nm^m ^ la^ 
oig umm ^ su2 box oi^bi ssmnoi 7mEn7\ ^asiss sf^^ 
m-m°i m?\m sei«fe 201 uf&sieja. 

Olllll, □lxms^^s^ ?hai 2E(T4)^ xggssEea 5o-c7Hp 2101 sigina. aissE Rg 2« 

M CKI- 2|ty, SPI Tlli!^ ^ SQ. 

R = 687*464CS+(6645-664 NbX)+(732-230 «)+890TiX+363AlX-357SiX (I) 

2/9 lgSE(T5)= 2^X||£| 7171153 IgOISIOBE LHS»4s4: ^mS. ISti" 95101 ai^HS ^S| S 
^SCT SEISKflDt 73iOim Ar,l 7l5£g ±30*c SEIHIAI B^tm tTD. gratSSE 

(T5)7l U? ^£3 7clS21«, LHStF^^ig gOj ^^^^WSt SfE7h 7gtEI3 gr91gSE!T5)7F 
^'£5? 0I4*S? gfSOl a^asra SdS aiSH3|g2F it|gEK)IS7l SXHSFH ffl§aO|ggHC(ban(jj7> 
aSg HICOlU SSCC^SiOllAl OH^ MEIteg gfaSgSE(T5)S S|-7li!(2)°l Ar,l 7l5£g ±3lJ-c 01 

LHoiiAi ?sEitYt tim^m. 

Ar,=910-310CX-80tW-20Cull!-55NiX-15CrX-80Mo3!(iC) (2) 

Sra^ 5S|2| CH^gOl £iE11UO|gOI°g Olfi 7\m^KS\ BIEHDlgSf WiOiLIOiesi s 

^3.^2iS. 25IS xiioi§eot s^Hg 7i^azr ^e^ 7fet^ B»g a2^^E7f sasm ^4Sif 

t Hasra 10-20*C/8ec g*|2i ^Zf^SS 400X-60ircIIW 7Ka2JShS 201 U^g•S|S^Dl 0|* 
Al£ gaS-HIf. 

OlSK ^AIOIIM SSHM S l^SS ^AOSI ^Stmh 

(SAiog 1] 

5 m m si^Jsi,^ gEei jeo^isfsq. o!7iai 2^§(A)& tj&45ifxngAi agt7^;i^^ 

El(RHSg)SO|| Cag^^i lance)! loW ?atJ'£g'« S2| UlFl ^735Eltf * 3^?55t01 S 
Hl*^ S ^^S2| B^Sf^ S^SSfOm. (B-E)^ 4'ti^5{og asgsgsiOl £dl€J 
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Pl4(g{iCk tidbl»«K«ie|(P:O.OnolS|, S:0.002o]SK ^IMi fm. ^AXigtA 
»ll}:ai5|s 5J5*S|^(PJ0.0l--0.<». S:0.0a!-O.005> O^OO 



^^:?I2^ ^01 lis teFMS i25o*cs sers tf % di^i§ Elt^ 7haise(T4)=89o-c, 

mSJ^QL 01 DB2J a2.'-^E^(CR)SPI i 221-^01 11.3-c/sec. 7-c/sec2| ^ S^S ysjSFSa. 

□ aan e^7l s 2(Hj sum jeai^fsd. 
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25. 5 





^i\TL 20iiAi %^ b^2^i^ol, g^ira uih^ tisj ngjii uem s^zfsj 71 

SSI e^^s^£^ irazr (Ai)3'2KE)2roi e?i!f . Tsisejs tej ^soiiai ^^tf 1 
^# ass a 4 siD. maAi Hiiagfsi -jxm i^s^ azj^soii sisi a?si ^ 
4 210. 

I^AIOI 2] 

^'^^l ^'AIWI 1°| AIB2J SSCC?at.»^gg HliHSPI NACE-?7SS!!(pH-3.0)(mA| SSCC iiJB^'S^l 

a£Dl. §5^eSHHI t[l€ ^S2J «| IEOB SAISfSlO. »l 2t AlfiOII im'B. % 

U3 §^Ui(R<iitio of Applied Stress to Actual YS)£ SAjShai! X^S 01 [(|2| 
Rupture Tioe)! LIEHHSia. 
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M ISDIIAI Sl= Cu,Ni§ gf2, 3 [Hi! 19^ii«EI(RH)S0^l(^5i)^l^ A 

SSCC^«OI liSOl ^ 4^ S^£DI, &s AiMOflME a^^^El 3?|| zTwIOl A2Sfi 

D SSCC^S^«# ast ^ ^ Sia. 0\t Cu,Ni£| aSEietOI NACE-77^?^g2!|01IAI& 3 25^^! 

[4'AIDII 3] 

^01 sscc3a?£i ^^4s§iss ir ?ia. om haz^^sj sscc^si &szi2i tiiiaspi ?m 

0( HAZ^$| gOieit aAJ*t Aiei SSCCAI^ tfSSOl 3. iHH «l 2SE(HI £AIShaa. 

M 2SMM W4 a= Um^L HAZ!?^2| SSCCK^^ 1^ ^71 i 10IIA12J &igir(Ceq)2t2t § 

gtr ^?fl7^ stsoi, ifgaibsj g^fg s^t^ ass, 3 sojais aissoi sr 4= si 

Um^L e Cug Nil sin 2S^7F^(RH)*|EIS0fl Cel §:?fStO| 

Al. HlCa SSCC7at^SOI tmZ'SJ\ BOkgf/mee! E^e! IIK)I=S 2,^3011 MSM=^ 2i= S2I•7^ 

t^^^S BOkgf/inie EFg! ilfOliS SXIl 2{01A|, ^71 2,^WI£| 12>^S§S CuS! Nil 

MJ^m :?^*-|EI(PI)S §i,^2| SS^7Fi JiiiS|(RH)S§S Cas g7ief01 gfS SlfXS. 

C: 0.05-0. 121. Si:0.5aDISb Hn:0.6~1.5J!, AI;0.0tl~0.1X, 11:0.0051-0.033;, Nb:0.01~0.05X, 
V:0.01-0.1X, S:0.002XO|SK P:0.02%0m, N:10-100ppfflB), O;0.01-O.Q53!, Ca:|0-100ppB, UCH73 FeSI 7|E^ 
g7|■IIt.^ Smarts ^«S^^ ^Ol 2SaS SSI gS^Ml lOSO-lSOO-cSJ g£Ea?|D|lA| 

10-20*c/sec2| as^^E 400-600*cS| SEg9IJ^73 4=l^*f -^SJOT ^J2fB?!lt 

£«miOI OI^OIXl^ 4sibS7l3^SI ^IK^iS^V^ 3§ m^mX ^^11 t^^2>^E SOkgf/mrfS 2^»l 

£B1 
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